Normal subjects reproduced the orientation of the rod on the horizontal plane with a constant error which was found to be dependent on the position of the model. Clockwise deviations were made when the model was on the left and counterclockwise deviations when the model was on the right. The constant error was present in left brain-damaged patients too, while it was not significantly different from zero in right brain-damaged patients. A systematic error was also found on the vertical plane and it consisted in the tendency to stop the rod below the level of the standard.
damage. It appears, therefore, that when spatial perception is tested at a very basic and simple level, such as the detection of orientation in space of a rod, there is an almost complete dominance of the posterior region of the so-called minor hemisphere. This result must be contrasted with the less striking asymmetry of functions shown in more complex spatial tasks-for example, route finding, copying drawings, block designs-that are failed also by patients with damage to the left posterior area. Normal subjects reproduced the orientation of the rod on the horizontal plane with a constant error which was found to be dependent on the position of the model. Clockwise deviations were made when the model was on the left and counterclockwise deviations when the model was on the right. The constant error was present in left brain-damaged patients too, while it was not significantly different from zero in right brain-damaged patients. A systematic error was also found on the vertical plane and it consisted in the tendency to stop the rod below the level of the standard.
Findings derived from clinical case study and experimental research support the view that there is both a regional and a hemispheric specialization of the cerebral cortex for spatial functions in the sense that impairment in these functions is associated more closely with damage to posterior than to anterior areas of the brain and of the right more than of the left hemisphere. The evidence, however, is not entirely consistent. Some studies have substantiated the relevance of anteroposterior dimension, but not the hemispheric asymmetry (Semmes, Weinstein, Ghent, and Teuber, 1955 Faglioni, 1966; Butters and Barton, 1970) , while other researches have confirmed the crucial role of the right hemisphere but not the relevance of the left posterior region (Milner, 1965; Corkin, 1965; Newcombe and Russell, 1969) . These apparent discrepancies are likely to be task dependent and they emphasize the need for analysing more carefully the nature of the performances, which have been defined as spatial. As a matter of fact, most of the tests used in neuropsychological investigation for assessing spatial abilities have been derived from intelligence tests or have been devised with specific neurological symptoms, such as constructional apraxia, topographical disorientation, or unilateral inattention in mind. Consequently, space perception has been studied at a rather complex level, one at which it is difficult to disentangle the influence on performance 489 of spatial as compared with praxic, intelligence, and memory factors. It seems reasonable to expect that a more definite answer to the issue concerning the relationship between locus of lesion and the breakdown of space functions might be obtained by employing elementary tasks, which tap the basic mechanisms underlying spatial perception. The appreciation of the direction in space of a segment can be assumed to be one of these mechanisms, in that it represents a basic step in building up several spatial performances, such as the reproduction of a drawing, which is carried out copying line after line, or the tactile recognition of shapes, which is achieved by reconstructing the successive changes of orientation made by the exploring hand (Semmes, 1965; De Renzi and Scotti, 1969 The ability of patients to perceive the direction of tactile stimulation on their bodies has been investigated by Carmon and Benton (1969) . Patients with lesions of the right hemisphere showed a high incidence of defective performance, while left braindamaged patients performed at an essentially normal level. No distinction was made in this study between anterior vs. posterior locus of the lesion.
There is, therefore, evidence suggesting a relation between right-sided damage and impairment of the sense of direction in space, even when this is studied at its most elementary level. In the present investigation it was hoped to gain more definite information on this topic by refining assessment of performance and by collecting data on an unselected series of patients. Visually and tactually guided versions of the same test were given with the purpose of determining whether performance was dependent upon visuoperceptual and oculomotor mechanisms or whether it was supramodally organized.
METHODS
PATIENTS The patients examined in the present research were the same as those described in a previous paper (De Renzi and Scotti, 1969) , to which the reader is referred for information regarding criteria adopted for diagnosing the side of the lesion and the presence of visual field defects (VFD). One-hundred-and-twenty one patients with damage restricted to one hemisphere were assigned to one of the following subgroups: (1) left hemisphere patients without VFD (46); (2) left hemisphere patients with VFD (25); (3) right hemisphere patients without VFD (30); (4) right hemisphere patients with VFD (20) . The proportion of patients suffering from quadrantanopia and hemianopia was not found to be different in the two hemispheric groups.
The aetiology and the length of illness were determined and found not to differ significantly in the four subgroups. No effort was made to equate the groups with respect to age and years of schooling, since the effect of these two variables was partialled out by covariance analysis.
Thirty patients hospitalized in the wards for disease not involving the brain made up the control group.
TESTING PROCEDURE Both the visual and the tactile tests were carried out by the brain-damaged patients using only the hand homolateral to the cerebral side of the lesion-that is, the hand subserved by the supposedly healthy hemisphere. Fifteen control patients performed the tests with the right hand and 15 with the left hand. Figure 1 shows the apparatus that was designed for and used in the study as a test of perception of spatial coordinates. Two pairs of rods, 38 cm apart, were fixed on a board, 55 cm x 15 cm. Each pair was made up of a vertical rod, which could rotate 3600 round its axis, and of a second rod, which was fixed to the first by a hinged joint in such a way that it could pivot up and down in the sagittal plane. By appropriate rotation of the two rods, the second rod could be placed in any position in space that corresponded to the radii of an ideal sphere, having its centre in the joint between the two rods.
The patient was seated in front of the apparatus and was permitted to move his head and eyes but not his trunk. One pair of rods represented the model and the patient was asked to set the rods of the other pair to correspond to the standard.
There were two versions of the test, given through the visual and the tactile modalities, respectively. In the visual test, the patient was not permitted to touch the rods of the model and was requested to set those of the other pair using the hand homolateral to the side of the cerebral lesion. In the tactile test the apparatus was hidden behind a curtain and the patient had to estimate the spatial position of the rods of the model and of those of the copy by palpating them with the hand homolateral to the side of the lesion. No time limit was set and the patient was permitted to go from the model to the copy and vice versa as many times as he wished. The order of presentation of the two tests was alternated from patient to patient.
Both in the visual and in the tactile version of the test, brain-damaged patients were first given five trials with the model placed on the side ipsilateral to the damaged hemisphere and then five trials with the model on the contralateral side. Half of the control subjects began with the model to their left while the other half began with the model to their right. In each trial the spatial orientation of the model was determined by measuring with a goniometer: (1) the vertical angle of the two rods. It was agreed that the maximum width of this angle corresponded to the position in which the two rods were on the same vertical axis-that is, the angle could not exceed 180°; (2) the horizontal angle made by the second rod with respect to the sagittal plane, the zero point being just in front of the patient's midline. This angle could range, therefore, from 0°to 360°(see Fig. 1 ). The spatial parameters of the model in the five trials were as follows: 1st trial = v(ertical) a(ngle): 90°; h(orizontal) a(ngle): 180°. 2nd trial = v.a.: 450; h.a.: 90°. 3rd trial = v.a.: 130°; h.a.: 320°. 4th trial = v.a.: 60°; h.a.: 160°. 5th trial = v.a.: 150°; h.a.: 2300. At the beginning of each trial the position of the rods to be adjusted was always the same-namely, with the second rod pivoted down on the first rod and facing the patient (see Fig. 1 These eight mean scores were submitted to a multivariate analysis of co-variance (Anderson, 1958) , concomitant variables being age and years of schooling. A split-plot design was adopted. There were two groups, the control and the brain-damaged groups, which were further subdivided, the first into two subgroups (subjects using the left hand and the right hand, respectively) and the second into four subgroups (left and right hemisphere patients with and without VFD). In this experimental design three hypotheses, orthogonal to each other, could be tested, using Wilks's criterion (1932) and Rao's approximation (1951) to the F distribution. These hypotheses were concerned with the question of whether the set of the eight scores differentiated the performance of: (a) the control and the braindamaged group (hypothesis 1); (b) the two control subgroups (hypothesis 2); and (c) the four braindamaged subgroups (hypothesis 3). Table 1 presents the mean error scores (in degrees) obtained by the two control and four brain-damaged subgroups in the eight experimental conditions and Table 2 shows the results of the multivariate analysis. Let us consider first the second hypothesis, which deals with the question whether the performance of control subjects was affected by the hand used in carrying out the test. Since the corresponding P fell short of the 0-05 significance level, the conclusion seems safe that any difference to be found in subsequent comparisons cannot be attributed to the hand effect.
By the first multivariate hypothesis the set of the eight means was found to differentiate the control and the brain-damaged group beyond the 0-05 level of significance (one-tailed test). With the multiple compaiison method of Roy and Bose (1953) it was found that neither the test modality, the position of the model, the two angular scores, nor any interaction among these factors significantly affected the intergroup difference. The outcome of the third multivariate hypothesis showed that there was a highly significant difference (P < 0f0001) among the performance of the four brain-damaged subgroups, a finding that inspection of the means of Table 1 suggests to be due mainly to the elective impairment of the right hemisphere subgroup with VFD. In order to verify this point, the scores of the four brain-damaged subgroups and the combined score of the control group were compared with each other by the multiple comparison method of Roy and Bose (1953) . Since, at the level of the third multivariate hypothesis, no interaction of a first or higher order with testing modality, the position of the model and the angular score were found significantly to affect the intergroup difference, the multiple comparisons were carried out on the means and not on the set of the eight scores obtained by each group. These means are represented in Fig. 2 (+) and counterclockwise deviations as negative (-) . It is apparent that the deviations were clockwise when the model was on the left and counterclockwise when the model was on the right. A four-variate analysis of covariance (age and years of schooling being the independent variables) showed that the five sets of the four scores were significantly different from zero (F = 9 92; P < 0-0001 with DF 20 and 468). Multiple comparisons confirmed that the left-right gradient-that is, the difference between the sum of the signed deviations with the model on the left and the sum of the signed deviations with the model on the rightwas highly significant for the total sample of patients (P < 0-01). When tested in each of the five groups, the gradient proved to be significantly different from zero in the control group and in the two left braindamaged subgroups, but not in the two right braindamaged subgroups, suggesting that lesions of the Table 5 shows that in both test modalities and model positions there was a tendency to stop the rod below the level of the standard. When tested with the same analysis used for the horizontal score this error was highly significant (P < 0 0001) in the total sample of patients and its size did not change significantly from one group to the other. 
DISCUSSION
In the present as well as in previous researches carried out in our laboratory the hemispheric samples have been subdivided according to the absence or presence of VFD, because it was thought that this easily detectable symptom could provide useful information regarding the intra-hemispheric locus of lesion. The central optic pathways run in the white matter underlying the border between the temporal and the parietal lobe and end in the calcarine fissure of the occipital lobe; therefore, any lesion localized in front of the Rolandic fissure should spare the optic radiations, while retroRolandic injuries are likely to produce hemi-or quadrantanopia. It must be recognized that this dichotomy is rough and imprecise, since, for example, superior parietal lesions do not involve optic pathways and, consequently, the corresponding patients would be considered together with those suffering from pre-Rolandic damage. This drawback can, however, be overlooked whenever significant differences are found between the performance of groups with and without VFD, because mutual overlap of their lesions with respect to the Rolandic sulcus would diminish rather than enhance the probability of finding differential results. Before accepting the conclusion that impairment associated with VFD indicates the detrimental effect on performance produced by damage to retroRolandic areas, the possibility must be ruled out that the impairment simply reflects the deficit of visual functions. In the results of our experiment there are at least two pieces of evidence that argue against this possibility. Firstly, the group that fails on the visual test also fails on the tactile test, which is carried out without the aid of vision. Secondly, apparently the presence of VFD does not impair performance when it is associated with left hemisphere lesions, but only when it is associated with right hemisphere lesions, a finding which points to the importance of the locus of brain injury. On the basis of these considerations, we deem it justified to assume that damage to the retro-Rolandic region of the right hemisphere plays a unique role in deranging such an elementary ability as that implied by the evaluation of the spatial direction of a rod. The fact that none of the other brain-damaged subgroups, including that with retro-Rolandic injury to the left hemisphere, was found to be impaired with respect to control patients is worth emphasizing, because some previous researches have indicated a decrement in spatial performance after injury to either of the two posterior areas of the brain, although more severely when the right one was involved.
It is noteworthy that lack of impairment in left posterior brain-damaged patients has been reported, to the best of our knowledge, only for the learning of maze tests. Whether given visually (Milner, 1965; Newcombe and Russell, 1969) or tactually (Corkin, 1965) , they have demonstrated disruption of the performance in comparison with normals after right, but not after left hemispheric injury. Appreciation of spatial orientation is a prominent feature of these tests, although there has been discussion to what extent the critical variable in determining the patient's failure is learning or spatial perception. The first hypothesis is supported by the finding that in right temporal lobectomized patients the ablation of a major part of the hippocampus appeared to be decisive in lowering performance (Milner, 1965; Corkin, 1965 (Elithorn, 1955) or the translation of perceptual informations into complex locomotor behaviour, as in the route finding test described by Semmes et al. (1955) . In these cases right hemisphere dominance shifts towards asymmetry of functions (Benton, Elithorn, Fogel, and Kerr, 1963) , or equipotentiality of the two posterior regions (Semmes et al., 1955) . The close association between poor scores and language disorders found both in the Elithorn test (Colonna and Faglioni, 1966) and in the route finding test (Semmes, Weinstein, Ghent, and Teuber, 1963) may be interpreted as evidence that the impairment shown by left brain-damaged patients is due to the lack of the aid provided to the performance by verbal mediation. The alternative and broader view may be advanced that the contribution of the left hemisphere to 'pure' spatial perception is minimal or nil, whereas it increases more and more as the task increasingly requires the elaborate integration of spatial data or the grasping of their mutual relationships.
The lack of impairment of space perception found in the present research after brain damage not involving the right posterior region is all the more remarkable as most of our patients were suffering from recent and considerably incapacitating disease, so that it seems unlikely that good performance may be attributed to restoration of function. On the other hand, it must be recognized that the vascular aetiology prevailing in our case material does not often produce damage to the prefrontal areas and it is, therefore, open to question to what extent the negative results found in patients without VFD are valid also for the involvement of this area of the brain. This issue deserves further investigation. For the time being, it seems safe to stress the point that, while complex tasks may be more sensitive in disclosing mild disorders of spatial orientation, as suggested by Milner (1965) in comparing her results with those of Semmes et al. (1955) , elementary perceptual tasks provide a more suitable method for bringing out hemispherical differences in function.
The lack of differential impairment found in the visual and the tactile version of the test confirms previous findings (Semmes et al., 1955; Corkin, 1965; Faglioni, Scotti, and Spir,nler, 1969; De Renzi, Faglioni, and Scotti, 1970 ) that extrapersonal disorientation is not restricted to vision and that the processing of spatial clues is supramodally organized. The available evidence points to the right parietal lobe as the crucial area involved in this function.
The constant error related to the position of the model that control subjects made in reproducing the orientation of the rod on the horizontal plane is not comparable with the error reported in orientation tasks, involving the setting of a luminous line to the apparent vertical (Aubert phenomenon). In that experimental situation the constant error was found only while the body was tilted and was minimal or nil while the body was upright (Teuber and Liebert, 1958; Wapner and Werner, 1965) , whereas the constant error we observed does not need conditions of abnormal body posture to be brought out. Neither does it depend on visual factors, since the magnitude of the error is not significantly different in the visual and in the tactile modality of the test. Furthes investigation is needed to clarify the nature of this error, all the more so as the experimental conditions of the present research were not favourable to its analysis: in the five trials, the horizontal angles of the model were not alike when the second rod was to the left and when it was to the right of the sagittal plane and they were made even more difficult to compare by the various orientations of the rod in the vertical field.
Nevertheless, the fact that lesions of the right hemisphere-that is, of the hemisphere specialized in processing spatial clues-lower the constant error to the point that it is no more significantly different from zero deserves consideration. Although the difference with respect to either the left braindamaged patients or the controls falls short of the accepted level of confidence, it is worth contrasting this finding with changes in the size of the constant error reported by researches on the judgment of the vertical line. With body upright-that is, in the experimental condition more alike to the one examined in the present investigation-the magnitude of the constant error of brain-damaged patients was found significantly increased with respect to controls (Bender and Jung, 1948) , or practically unchanged (Teuber and Mishkin, 1954; Birch, Belmont, Reilly, and Belmont, 1961) , but never decreased. It must be remembered, however, that with the body upright, the constant error is very mild or absent in control subjects required to set a luminous line to the vertical, while it is a distinctive feature of the normals' performance in our experimental condition. It is, therefore, not surprising that it may be depressed by damage to the cerebral hemispherewhichis specialized in spatial orientation.
